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0 METHOD FOR OPERATING CNC SYNCHRONOUSLY. 
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© A method by which a plurality of CNCs 
(numerically controlled device), each being con- 
trolled independently, are operated synchronously. A 
circuit (1) for generating an external signal feeds an 
external timing signal to respective CNCs (2, 3) from 
the outside. Circuits (10, 20) for generating internal 
signals generate internal timing signals which op- 
erate the CNCs (2, 3) independently. Each of select- 
ing circuits (9, 19) selects either the external timing 
signal or the internal timing signal. When the exter- 
nal timing is selected, each of the CNCs (2, 3) 
operates according to the external timing signal as 
the fundamental timing signal. Therefore, between 
the fundamental timing signals of the respective 
CNCs (2, 3), no difference of time is generated, and 
the respective CNCs (2, 3) can perform close syn- 
chronous operations such as an interpolation accord- 
ing to the fundamental timing signals. 
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TECHNICAL FIELD 

The present invention relates to a synchronized 
operation system for numerical control apparatuses 
(CNCs) used tor controlling a plurality of CNCs, 
and more specifically, to a synchronized operation 
system for CNCs by which a plurality of indepen- 
dently controlled CNCs are made to carry out a 
synchronized operation. 

BACKGROUND ART 

Numerical control apparatuses (CNCs) are 
used at each station of a transfer line for machining 
parts for automobiles, and these CNCs contain a 
programmable machine controller (PMC) for con- 
trolling only a single axis. The CNCs of this type 
are referred to as a single-axis CNC. 

Although these single-axis CNCs are usually 
independently controlled, sometimes a plurality of 
single-axis CNCs must be simultaneously con- 
trolled for cutting an arc, and to accomplish this, 
the I/O circuits of the respective CNCs are inter- 
connected and data is exchanged through the I/O 
circuits. 

Nevertheless, when data is exchanged through 
the I/O circuits, in operation of the respective 
CNCs, a time lag occurs and further, communica- 
tion therebetween become complicated, and as a 
result, extremely closely synchronized operation, 
such as an interpolation, cannot be carried out. 

DISCLOSURE OF THE INVENTION 

Taking the above into consideration, an object 
of the present invention is to provide a synchro- 
nized operation system for CNCs by which ex- 
tremely closely synchronized operation, such as an 
interpolation, can be carried out among a plurality 
of CNCs. 

To attain the above object, according to the 
present invention, there is provided a synchronized 
operation system for CNCs by which a plurality of 
independently controlled numerical control ap- 
paratuses (CNCs) are made to carry out a synchro- 
nized operation, the system comprising an external 
signal generation means for supplying an external 
timing signal to each of the CNCs, from the out- 
side, an external signal receiving means for receiv- 
ing the external timing signal, an internal signal 
generation means for generating an internal timing 
signal, for operating the CNCs independently, and 
a basic timing signal selection means for selecting 
any one of the external timing signal received from 
the external signal receiving means and the internal 
timing signal received from the internal signal gen- 
eration means and supplying the selected signal to 
the CNCs as a basic timing signal. 



The external signal generation means supplies 
an external timing signal to the respective CNCs, 
from the outside, and the external signal receiving 
means receives the external timing signal. The 

5 internal signal generation means generates an in- 
ternal timing signal for operating the CNCs in- 
dependently, and the basic timing signal selection 
means selects any one of the external timing signal 
received from the external signal generation means 

w and the internal timing signal received from the 
internal signal generation means, and supplies the 
selected signal to the CNCs as a basic timing 
signal. 

As a result, after the basic timing selection 
w means has selected the external timing signal, the 
respective CNCs are operated by using the exter- 
nal timing signal as a basic timing signal. Accord- 
ingly, no time lag occurs among the basic timing 
signals for the respective CNCs, and thus the re- 
20 spective CNCs can be operated while extremely 
closely synchronized with each other, and can co- 
operate to carry out even an extremely closely 
synchronized operation, such as an interpolation, 
based on the basic timing signals. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram showing the 
arrangement of a synchronized operation sys- 
30 tern for CNCs according to the present inven- 
tion; and 

Figure 2 is a diagram showing another embodi- 
ment according to the present invention. 

35 BEST MODE OF CARRYING OUT THE INVEN- 
TION 

An embodiment of the present invention will be 
described below with reference to the drawings. 

40 Figure 1 is a schematic diagram showing the 

arrangement of a synchronized operation system 
for CNCs according to the present invention, 
wherein an external ITP signal generation circuit 1 
supplies an external ITP signal to a plurality (here, 

45 2 sets) of CNCs 2 and 3. Note, the ITP 
(interpolation) signal is a timing signal for perform- 
ing an interpolation. 

The external ITP signal generation circuit 1 
may be contained in a CNC different from the 

so CNCs 2 and 3; with this arrangement, the different 
CNC can be operated as a master CNC and the 
CNCs 2 and 3 each can be operated as a slave 
CNC. 

Further, the external ITP signal generation cir- 
55 cuit 1 may be arranged as an independent circuit 
unit 

The external ITP signal is output through the 
connectors 4 and 5 of the ITP signal generation 
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circuit 1 and input to the respective CNCs through 
the connector 6 of the CNC 2 and the connector 7 
of the CNC 3. This external ITP signal is obtained 
by dividing a clock contained in the external ITP 
signal generation circuit 1. 

Since the CNCs 2 and 3 are single-axis CNCs 
and have the same arrangement, only the CNC 2 
will be described here. 

The external ITP signal supplied to the CNC 2 
is received by an external ITP signal receiving 
circuit 8, and is supplied to a selection circuit 9 by 
the receiving circuit 8. 

An internal ITP signal generation circuit 10 
supplies an internal ITP signal to the selection 
circuit 9. The internal ITP signal is obtained by 
dividing the clock contained in the internal ITP 
signal generation circuit 10, in the same way as the 
external ITP signal. 

The selection circuit 9 receiving the external 
ITP signal and internal ITP signal is connected to a 
key switch 11 which is provided for selecting any 
one of the external ITP signal and internal ITP 
signal and actuated by an operator. 

When the external ITP signal is selected by the 
key switch 11, the selection circuit 9 selects the 
external ITP signal, and when the internal ITP sig- 
nal is selected by the key switch 11, the selection 
circuit 9 selects the internal ITP signal. The signal 
selected by the selection circuit 9 is output there- 
from as a basic ITP signal of the CNC 2. 

Further, the selection circuit 19 of the CNC 3 
selects any one of an external ITP signal and 
internal ITP signal, in the same way as the selec- 
tion circuit 9 of the CNC 2, and outputs the se- 
lected signal as a basic ITP signal of the CNC 3. 

When the basic ITP signals are external ITP 
signals, the basic ITP signals of the CNCs 2 and 3 
have no time lag, and thus the CNCs 2 and 3 can 
be operated while being extremely closely syn- 
chronized with each other based on the basic ITP 
signals, and therefore, the CNCs 2 and 3 can 
cooperate to carry out even an extremely closely 
synchronized operation such as interpolation. 

In this case, a communication line convention- 
ally provided between the CNCs 2 and 3 for an 
extremely closely synchronized operation thereof is 
not necessary, and thus the communication rela- 
tionship therebetween can be simplified. 

When the basic ITP signals are internal ITP 
signals, the CNCs 2 and 3 are controlled indepen- 
dently, based on the respective internal ITP sig- 
nals. 

Figure 2 is a diagram showing another embodi- 
ment according to the present invention. This em- 
bodiment is different to the first embodiment in that 
a monitor circuit 12 is used in place of the key 
switch 11. The monitor circuit 12 is composed of, 
for example, a watch dog timer, and determines 



whether or not the state in which an external ITP 
signal is received has been changed, by monitoring 
the external ITP signal receiving circuit 8. 

A selection circuit 9 selects any one of an 

5 external ITP signal and internal ITP signal, based 
on the result of the determination of the monitor 
circuit 12. More specifically, when the external ITP 
signal receiving circuit 8 receives the external ITP 
signal, the selection circuit 9 selects the external 

70 ITP signal, and when the external ITP signal receiv- 
ing circuit 8 does not receive the external ITP 
signal, the selection circuit 9 selects the internal 
ITP signal. 

As described above, the use of the monitor 

75 circuit 12 allows an automatic change of a basic 
ITP signal output from the selection circuit 9. 

Although the above description refers to a case 
in which 2 sets of CNCs are used, the present 
invention can be applied in the same way to a case 

20 in which more than 2 sets of CNCs are used. 

As described above, according to the present 
invention, since the respective CNCs are operated 
by using external ITP signals as basic ITP signals, 
no time lag occurs between the basic ITP signals 

25 of the respective CNCs, and thus the respective 
CNCs can be operated while being extremely 
closely synchronized with each other, based on the 
basic ITP signals, and as a result, the CNCs can 
cooperate to carry out even an extremely closely 

30 synchronized operation such as an interpolation. 

Claims 

1. A synchronized operation system for CNCs by 
35 which a plurality of independently controlled 

numerical control apparatuses (CNCs) are 
made to carry out a synchronized operation, 
said system comprising: 

an external signal generation means for 
40 supplying an external timing signal to each of 

said CNCs, from the outside; 

an external signal receiving means for re- 
ceiving said external timing signal; 

an internal signal generation means for 
45 generating an internal timing signal for operat- 

ing said CNCs independently; and 

a basic timing signal selection means for 
selecting any one of said external timing signal 
received from said external signal receiving 
50 means and said internal timing signal received 

from said internal signal generation means, 
and supplying a selected signal to said CNCs 
as a basic timing signal. 

55 2. A synchronized operation system for CNCs 
according to claim 1, wherein each of said 
basic timing signal selection means selects 
any one of said external timing signal and said 
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internal timing signal in accordance with a se- 
lection made by using a key switch. 

3. A synchronized operation system for CNCs 
according to claim 1, wherein each of said 
basic timing signal selection means selects 
said external timing signal when said external 
timing signal is received and selects said inter- 
nal timing signal when said external timing 
signal is not received, in accordance with a 
result of a monitoring carried out by a monitor 
means for monitoring said external timing sig- 
nal. 

4. A synchronized operation system for CNCs 
according to claim 1, wherein said external 
signal receiving means, said internal signal 
generation means and said basic timing signal 
selection means are provided within each of 
said CNCs. 

5. A synchronized operation system for CNCs 
according to claim 1, wherein said external 
timing signal and said internal timing signal are 
an interpolation (ITP) signal. 25 

6. A synchronized operation system for CNCs 
according to claim 1, wherein each of said 
CNCs is a single-axis CNC. 

7. A synchronized operation system for CNCs 
according to claim 1, wherein said external 
signal generation means is contained in a CNC 
other than said plurality of CNCs. 
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